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PREFACE

This interim report was produced as a result of the Fhase 11IC
activities of Contract F41609-71-C-0008, entitled "Research on Operational
Combat-Ready Proficiency Measurement." This contract was performed by
Manned Systems Sciences, Inc., Northridge, California, for the Flying
Training Division, Air Force Human Resources Laboratory (AFSC), Williams
AFB, Arizona. Major J. Fitzgerald, Chief, Combat-Crew Training Branch,
was the contract monitor. :

This report is one of a series of seven reports constituting the
Final Report of Contract F41609-71-C-0008. These reports are listed
below:

Combat-Ready Crew Performance Measurement Systeﬁ:

AFHRL-TR-74-108(1): Final Report

AFHRL-TR-74-108(I1): Phase I. Measurement Requirements

AFHRL-TR-74-108(111): ?hase II. Measurement System Reduirements

AFHRL-TR-74-108(1V): Phase IIIA. Crew Performance Measurement

AFHRL-TR-74-108(V): Phase IIIB: Aerial Combat Manedvéré Measurement

AFHRL-TR-74-108(V1): Phase IIIC. Design Studies

AFHRL-TR-74-108(VII): Phase IIID. Specifications and Implementation Plan
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I. INTRODUCTION

Research for the improvement of combat-crew training, and
the efficient execution of current training programs, are heavily
dependent upon good sources of information about trainee perform-
ance during and at the end of training. In an effort to improve
training performance information, this study is directed to
(1) systematic definition of performance, and (2) development of
methods for measurement.

This program is divided into four phases, however, the third
phase has been further divided into four parts as the result of
expansion of the scope of the program. The structure of the
program may be most easily comprehended if the following planned
sequence is borne in mind: (1) establishment of measurement
requirements, (2) establishment of measurement system require-
mants, (3) conduct of design studies, (4) development of
specifications and an implementation plan, and (5) preparation of
the Final Report.

As shown in Figure 1, seven reports will be prepared under
this contract; the first three reports present measurement
requirements (Phase I: Pilat Measurement Requirements; Phase
IIIA: Combat-Crew Measurement Requirements; Phase IIIB: Air
Combat Measurement Requirements), i.e., the measurement to '
provide information needed for combat-crew training research.
These requirements have been determined through surveys conducted
at combat-crew training sites (Luke AFB, Davis-Monthan AFB,
Tyndall AFB, Castle AFB, Altus AFB, Dyess AFB, George AFB, Norton
AFB, and Nellis AFB). The fourth report prepared treated
measurement system requirements (Phase II: . Measurement System
Requirements), including research procedures, measurement
processing, system criteria, and preliminary system analyses.

The current Phase IIIC report deals with design studies to
determine desirable system features to meet the research needs
documented in the earlier reports of this sequence. Chapter II
presents analyses of factors to be considered in training
measurement system design. Chapter III indicates the nature of
tradeoffs for each system criterion established in the Phase II
report. Recommendations based on these analyses are discussed
in Chapter 1IV.
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II. SUPPORTING ANALYSES

A number of analyses have been performed in this program to
guide design decisions. Eight primary analytic steps are
presented in this chapter; these steps are listed in Table 1,
along with comments indicating the specific sources of
informatior used in each analysis and the principal products.

Example measurement (1)* was produced as a product of visits
to combat~crew training units to attempt to express’the main
items of information relevant to training. Using this as a
stimulus, preliminary measurement definitions were made along
with assumed techniques for computation, leading tu identification
of a required set of parameters (2) for measurement generation.
These analyses were begun in earlier program phases, and stbse- -
quently were revised and extended. j

Continuing from the basic analyses; specific computational
algorithms were chosen for both automatic (3) and manual (4)
modes of measurement, forming an initial software specification.
The next steps in the seguence attempt to determine best methods
for sensing the needed information (5), and the nature of
appropriate data proce551ng equipment (6). As video or photo-
graphic means of sen51ng information must be considered, it
follows that a minimum resolution for such devices must be
specified to ensure that the desired data are sufficiently
legible (7). Lastly, data are collected relating to cost and
personnel requirements (8) to permit tradeoff analyses between
alternative measurement system candidates.

Prototype Measurement

The genesis of measurement development in this program is
the definition of training information requirements obtained
through visits to combat-crew training units. The principal
representation of these information requirements has been termed
prototype measurement; an example is presented in Table 2. The
information needs have been prepared for each flight phase in a
tabular form, with blanks indicating specific measurement which
should be developed. In a number of cases the measurement to
fill the blank is obvious; in other cases much thought must be
given to the proper measurement and to the feasibility of
indicated measurement.

Measurement Parameters

When measures are defined to answer to informational needs,
the parameters which must be sensed to permit measurement are not,
immediately evident, since the measure specifies the output of a

*Parenthetical numbers relate to the numbered analyses in Table 1.
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TABLE 1

DESIGN ANALYSES

PURPOSE

SOURCE

RESULT

Determine
Measurement Needs

Identify Physical
Parameters for
Measurement

Develop Automated
Measure Descrip-
tions

Develop Manual
Measure Descrip-
tions

Determine where
to Obtain
Information

Determine Data
Processing Needs

Determine if
Visual Informa-
tion is Suf-
ficiently
Accurate

Determine Cost
Tradeoff Data

CCTS Visits

Protdtype Meas.
and Preliminary
Measure Algorithms

#1 & #2; Assume
Instrumented
Aircraft

#1 & #2; Assume
Video Cameras
Installed in
Aircraft

Analysis of Para-
meter x Data Source
x Training Phase
#3 & #4

Avail. Literature
Field Studies

Industrial Visits

Prototype
Measurement

Measurement

Parameters

Measure Functions &
Conditions (Implies
Software)

Measure Functions &

-Conditions (Implies

Procedures)

Alternative Feasible
Sources of
Information

Alternative Data
Processing Equipment

Video/Photo
Specifications

Cost and Personnel
Estimates

e S o . ARt 1+ e e
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TABLE 2

EXAMPLE OF PROTOTYPE MEASUREMENT

TAKEOFF & CLIMB*

CONDITIONS:
Gross Wt: wing: 7 Runway : /
Temp. : Alt. Set.: Field Elev.: Form Pos.:

TAKEQFF ROLL: (TO power until rotation) 5

Power Set: Centerline Dev.: Min, Max, Av.
Reject Speed: Computed Heading: Min, Max, Av.
Time: Dist: Bank: R Max, L Max

ROTATION: (Nose gear off until pitch att. established)

Rot. Speed: Stab. Trim:
Pitch: Rate: Bank:
Final: Centerline Dev.:
Overshoot: Heading:

LIFTOFF: (Pos. Vert. Vel.)
Unstick Speed: Pitch: Bank: Hdg:
Vert. Vel. After: Sec.:

GEAR-UP: (Handle up until gear-up & locked)
Gear-Up Speed: V.V. Init.: V.V. Final:
Pitch: Bank: Hdg:

FLAPS UP: (Start up to full up) Note: F106 has no flaps

Trim:
Pitch: Bank: Hdg: . B-52 Only IAS PITCH ALT VV TRIM
A/S (INETY . . ' (FINEF)
W (INIT) T (FINAL) e s i
Ll e SRR 0D 2nd Pos b4 X X X X &
' Full X X gl g |
o]
CLIMB & LEVEL-OFF: (Depends on Flight Plan) i
INIT FINAL 3
PWR A/S MACH HDG ALT ALT PITCH TRIM f%
Accelerate : ¥ ux Xeviam oy X X X »é
1
S o (#2) Xivox Kiohmxi g X X X i
Climb MACH b4 X X X X X b4
. (Alt-10% VV)
Level-0Off (o Cruice) X X X X X X X X :

*¥Also, mandatory communication & instances where A/C limits are
exceeded. 5

5
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computation, and the computation itself must be known before the
inputs to the computation (the parameters) can be determined.

Figure 2 depicts the relationship between the specified
measures, the computation, and measurement parameters. In
Figure 2, the output measures (0) correspond to the information
requirements dictated by the blanks in the prototype measurement
forms. In addition to basic test parameters (M), the following
types of parameters may be needed for computation: (1) para-
meters for implementing logic to start and stop measurement
conputations (S), (2) information related to desired perform-
ance (D), (3) and error information derived from the difference
between actual and desired performance (E). In short, given
output measures (0), to determine other parameters which must be
sensed (M,S,D,E), it is necessary to determine logic and
computations to be used in measurement data processing (i.e., the
measurement algorithms).

Automated Measurement Descriptions

Assuming automated measurement, i.e., parameters are
automatically recorded for subsequent computer analysis, the
primary details of measurement computation (Figure 3 shows a
representative flow diagram) are presented in Table 3 for each
maneuver and maneuver segment of combat-crew training phases.
The table indicates the name of each measure, the specific
function to be computed, and the start/stop conditions for
controlling computation. For example, centerline deviation
during the takeoff roll is desired output information, the
average, minimum and maximum deviation are the specific
computations which should be performed between brake release and
rotation. Comments are also provided as considered appropriate
by the analyst to point up alternatives, or where problems may
be encountered during design.

Since this table indicates the functions to be computed, the
conditions under which computation should occur, and indirectly
the source information upon which to base computation, the basic
information is provided to allow preparation of computer programs
for automatic measurement. £

Manual Measurement Descriptions

Automated measurement analysis assumes automatic recording
of relevant parameters to permit automatic computation; that is,
each parameter must be recorded at a sufficiently high sampling
rate to allow computation on an instant-by-instant basis. In the
case of computing average centerline deviation, recording would
occur probably from the release of brakes, all centerline
deviations would be summed, when a change in pitch angle was
noted the summation would cease and the total divided by the
number of samples summated.

it 07 NG
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PARAMETER

‘“——————~——{><:—féMPLE

A No

| START? ?iﬁiﬁzTERs
B
2

CALCULATE:

| . Value
] : . Min
. Max

: . Mean*
E e : ? . Std Dev*
No
STOP
2?2 s
e PARAMETERS
Yes
ENTER VALUES . *ONLY WITH 3

INTO DATA AUTOMATIC ;
BASE > PROCESSING 3

Figure 3. Example Raw Data Processing.
; ,
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If manual data reduction were to proceed in the same fashion
as automated measurement, then Table 3 would also provide the
appropriate measurement descriptions; however, manual entry of a
number of parameters at a high rate is very slow, prone to error,
and exceedingly tedious. Nevertheless, the human operator must
perform essentially the same functions as the automated system,
as shown in Figure 3, to produce the required measures. The
human operator may, however, perform measurement computations
himself, and directly enter the measure into a data base for
further processing. Since measurement calculations such as the
mean and standard deviation require high-rate sampling by the
human operator in order to achieve the computation, these are
discarded, and only functions such as a specific value, the
minimum value, or the maximum value, are retained as allowable
human operator functions.

Manual measurement, then, requires that the human operator 1
search for starting conditions (a specific time or value, or '
out-of-tolerance condition) and then enter a specific parameter
value or search for the maximum or minimum value. It is believed
that the human operator can reasonably perform these tasks, while
performing the equivalent of the automated measurement is unlikely
to provide an attractive alternative. It should be noted that
the manual measurement processing philosophy to be used does not
provide all the information obtainable with an automatic system;
subsequent tradeoff analyses must take this into account.

Manual measurement descriptions, within the restrictions
noted, are pPresented in Table 4, In the same manner that
automated measurement descriptions are believed to be appropriate
for the initiation of software development, the manual measurement
descriptions should provide information needed to develop manual
techniques and operator instructions.

The number and type of manual operations required for each
training phase have been noted, and assuming approximately 30-
minutes of film or video recording, it is estimated that any
flight in any of the training phases analyzed should produce data
which can be manually analyzed within approximately 1% hours.
This estimate is based on estimates of a number of manual
operations which cannot be accurately timed without direct -
empirical test; more accurate estimates will be possible only
when manual data processing tests are conducted.

Alternative Data Sources

Tradeoff analyses are to be especially concerned with the
information provided by a given system compared to the total
information needs. Additionally, design information is needed to
point the way to a composite system (or systems) capable of
answering to all information requirements. To meet these needs,
an analysis has been performed indicating the alternative sources
from which measurement parameters can be obtained (see Tables
5-13). For each parameter indicated by the measurement L.
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TABLE 5. ALTERNATIVE DATA SOURCES FOR TRANSITION PARAMETERS

i DATA SOURCE
4 A o
3 2%
U S S - VIR '
“ oo o O
. + e 0N 0
H 0 < HAM O HOAM QO
+ i A o 3) 4 o M
: M oM T A N e s A 8O0
PARAMETERS Lo T~ T B o R R o TiC ] 3 @ O
H X AP € d L0 1 H (2 AR0p}
GMT X X
Pitch X X M
Pitch Rate X -
Roll X X M
- Heading X X M
| Airspeed X X M
| MACH X X M
Altitude X X M M
v/V X X A
AOA X X )
G X Q?
' Power X X M
{ Thrust Rev X Q?
[ Speed Brakes X Q?
Position, xy X KA
Deviation, (Also Rnwy Lat.) X RA
at. Drift PO
Threshold X RA M
; DDR X RA
- Spacing X RA
f Main Gear Cntct X -
; Nose Gear Cntct X =
| Nose Steer Engaged X =
Gear Select X Q?
Flap Select X Q7 M
Stab Trim X =
Drag Chute X =
Initial, Rnwy
E Break, Wind
31 SRR S Downwind, Alti- X
: meter
GWT X
: Wind D/V X 4
Temp X
Field Elev 3 M
| Alt Setting X
j Form. Posn X
Rnwy Assign X
Wheel Brakes X -
Parameters 2!247-36 4 3 8 4

X = Available; Q@ = Questionable; RA = Re&uced Accuracy;
M = Data from Other Sources for Error Comparison. {
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TABLE 6. ALTERNATIVE DATA SOURCES FOR INSTRUMENT PARAMETERS
DATA  SOURCE
b= =t
3 8%
HO e O
W oo g 0
. + (i} 1 3] +$ . C 3] 7]
9] o & HA O HOMAN QOO
k9 - A O 3] +H o N
PARAMETERS g7 3% 8328 Has 2 8 &9
H X AP & kd €01 H J MW
GMT X X M ‘
Pitch X X ]
Roll X X :
Heading X X M b
Airspeed (or MACH) X X :
1 Altitude X X M
v/V X X
LOA X X
| Power (Thrust) X X
' TACAN Freq. X Q M M
| Course Set X X M M
| Course Error X X
E | Bearing X X
K| DNE X RA M M
‘ VOR Freq. X ) M M
| Course Set X X M M
! Course Error X X
Bearing X X
| - ILS Freq. % Q M 4
Localizer Error X X
Glide Slope Error X X
Marker BCN X X M
Speed Erakes X Q
Heading Vectors X
GCA Glide Path X
ADF Bearing X X M M
UHF Comm X
|
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| TABLE 7. ALTERNATIVE DATA SOURCES FOR INTERCEPT PARAMETERS

DATA SOURCE

Proced.
Etc.
Pubs.
and
LCL Proced.

PARAMETERS .FIINCTION

Instr.
Dual
V-P
Audio
Flight
Log
Aircraft
Op.
-1,
Instr.
Range
Scores

_~' % ’ TARGET 4

Heading

Altitude

MACH

Azimuth

Elevation Prior
Range to
Range Rate Lockon
Aspect Angle X
NCA j I
ECM
Maneuvering

éﬁ;ﬁ*
>

Eofete

==

- -
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INTERCEPTOR

Pitch

Roll

% | Heading

| Altitude

v/v

E MACH

AOA

G

Power

Fuel Quantity

Antenna Azimuth

* Elevation

‘ After {(Tgt) Range
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